Haemophilia B is attributed to a mutation in the gene that produces coagulation factor IX (FIX), resulting in FIX deficiency. Treatment of haemophilia B currently consists of replacing the deficient FIX by intravenous administration of exogenous FIX. There are two major treatment strategies: prophylactic FIX administration (to prevent recurrent bleeding episodes in patients), and on-demand FIX administration (to control existing bleeding in patients when it occurs). Prothrombin complex concentrates (PCCs), which were initially used to treat haemophilia B patients, have been available for approximately 40 years. However, PCCs have been largely replaced by highly purified plasma-derived FIX and recombinant FIX, which have benefited from improvements in purification and viral inactivation, reduction or elimination methods. Monoclonal antibody-purified plasma-derived FIX (MAb pd-FIX) has been extensively evaluated in clinical trials and has proved to be safe and efficacious for surgical prophylaxis and for on-demand and prophylactic treatment in previously untreated and previously treated patients. While intermittent dosing is the conventional method of administration, MAb pd-FIX is also suitable for continuous intravenous infusion; this dosing method has been shown to result in normal haemostasis in patients with haemophilia B.
Haemophilia B is an X-linked recessive coagulation disorder with an estimated incidence of 1 in 60,000 people. 1, 2 It is characterised by repeated bleeding, particularly into the joints and muscles, which can initiate a cascade of events leading to destruction of the synovium due to synovitis, breakdown of cartilage, development of fibrosis and, eventually, severe and disabling arthropathy. [3] [4] [5] [6] Pain associated with joint bleeding and arthropathy can have a significant impact on the patient's quality of life (QoL). 7, 8 Muscle bleeding represents a major problem in the haemophiliacs owing to the increased risk of life-threatening bleeding.
Some recent studies have suggested that haemophilia B may be a less severe form of the disease than haemophilia A because, at the same degree of disease severity (indicated by the baseline level of clotting factor), there appeared to be less joint damage and fewer bleeds over time in haemophilia B than in haemophilia A. [9] [10] [11] However, to date, there are no large-scale studies to support this view.
Haemophilia B is attributed to a mutation in the gene coding for coagulation factor IX (FIX), resulting in FIX deficiency. Treatment of haemophilia B currently consists of replacing the deficient FIX by intravenous administration of exogenous FIX. There are two major treatment strategies:
• prophylactic FIX administration (see Table 1 ), 12 either as primary or secondary prophylaxis -to prevent recurrent bleeding episodes in patients -reinforced by short-term anticipatory prophylaxis, for example, for preventing uncontrolled bleeding in those patients undergoing surgery; and
• on-demand FIX administration -to control existing bleeding in patients when it occurs. 13, 14 Currently available FIX concentrates include the human plasma-derived FIX (pd-FIX) concentrates and one recombinant FIX (rFIX) (see Table 2 ).
Two prothrombin complex concentrates (PCCs), Bebulin ® VH and Profilnine ® SD, are also approved for treating haemophilia B. 
Classification of Haemophilia B
Classification of the severity of haemophilia B has traditionally been based on the plasma level of FIX clotting activity (FIX:C). Mild haemophilia B is generally classified as FIX:C >5 international unit (IU)/dl; moderate haemophilia B as FIX:C ≥1-5 IU/dl; and severe haemophilia B as FIX:C <1 IU/dl. 4 In a 1995 study of 1,967 haemophilia B patients, the proportions of patients with mild, moderate and severe disease were approximately 30 %, 33 % and 37 %, respectively. 15, 16 In patients with mild or moderate haemophilia B, typical joint and soft tissue bleeding is usually experienced only after a traumatic event.
However, patients with severe haemophilia B may experience two to five spontaneous bleeding episodes per month, even without a preceding injury or trauma. The severity of haemophilia B can also be classified by the frequency and severity of bleeding episodes -due to the lack of a direct correlation between the clotting factor levels and the frequency of bleeding in some patients.
The choice of treatment and treatment schedule are partly determined by the severity of the disease. In haemophilia A, severe haemophilia is associated with a substantially reduced QoL in both adults and children. 8, 17 To limit or even prevent complications such as joint bleeds, prevention and management of bleeding in patients should be started before any joint bleeding or at least after the first joint bleeding in severe haemophilia, through either prophylaxis or on-demand treatment -prophylactic treatment with clotting factor concentrates is the recommended strategy. 6, 13, [18] [19] [20] Prophylaxis may also be useful in patients with a 'moderate' deficiency of clotting factor levels if they have frequent recurrent or serious bleeding episodes.
Improvements in Human Plasma-derived Factor IX Concentrates
PCCs were among the first plasma-derived concentrates to be developed. These concentrates contained not only FIX but also varying amounts of other clotting factors, some in their activated form, and extraneous proteins. 21 While PCCs have been shown to be effective in reducing bleeding in patients with haemophilia B, they have also been associated with serious adverse events (AEs) in this population. [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] Safety concerns associated with the early PCCs led to the development and introduction of HP-FIX concentrates, including those purified using MAbs. 33 The HP-FIX concentrates are prepared from large pools of human plasma, and advanced purification and viral inactivation methods ensure a highly purified FIX concentrate, with a specific activity of up to 250 IU/mg (see Table 2 ). The safety profiles of FIX concentrates have been improved using these purification and viral inactivation steps that remove extraneous plasma proteins and activated coagulation factors and enable the inactivation and removal of potentially contaminating viruses. Indeed, preclinical and laboratory studies have shown these HP-FIX concentrates to contain only FIX and to be free of other vitamin K-dependent coagulation factors, fibronectin, fibrinogen, immunoglobulins and proteins C and S. [33] [34] [35] [36] [37] Preclinical studies demonstrated MAb pd-FIX had no thrombogenicity in the Wessler venous stasis assay in rabbits, whereas a marketed activated PCC -i.e., factor eight inhibitor bypass activity (FEIBA) -caused 3+ and 4+ thrombi. 33 Furthermore, HP-FIX concentrates (tested in clinical trials with small sample sizes) do not generate inappropriate activation of coagulation after infusion in vivo. 35, 37 Furthermore, since their introduction, international surveys have indicated no transmission of blood-borne viruses from MAb-purified FIX concentrates. 38, 39 Current guidelines recommend the use of a pd-FIX concentrate, such as MAb pd-FIX (Mononine ® , CSL Behring) or rFIX (BeneFIX ® , Pfizer).
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Pharmacokinetic Profile of Monoclonal Antibody-purified Plasma-derived Factor IX
The comparative pharmacokinetic profiles of MAb pd-FIX versus rFIX in previously treated patients (PTPs) undergoing prophylactic treatment with clotting factor concentrates have been evaluated in clinical studies.
Ewenstein et al. evaluated the pharmacokinetics and recovery rates of
MAb pd-FIX and rFIX concentrates in a double-blind, two-period cross-over study. 42 In the first treatment period, patients were randomised to receive a single bolus infusion (50 IU/kg) of either MAb pd-FIX or rFIX.
Following a washout period, patients were given the other treatment. reported between the recoveries of the two FIX concentrates. 42 The results of this study also showed that the terminal half-life for MAb pd-FIX was similar to that for rFIX (14.9 hours and 16.8 hours, respectively, p=0.10). 42 The dosage needed to maintain a prophylactic level of FIX (≥2 IU/dl) was determined in a modelling analysis based on data from the earlier double-blind, two-period cross-over study by Ewenstein et al.
described above. The study used single-dose pharmacokinetic data from 15 non-inhibitor severe (≤1 % FIX) FIX-deficient subjects to determine the dosing required to achieve and maintain a prophylactic level of ≥2 %. 43 From this study it was estimated that a lower dose of MAb pd-FIX than rFIX would be required to maintain the prophylactic trough level of 2 IU/dl for 30 days, regardless of whether the concentrates were administered continuously, every day, every second day or every third day (see Table 3 ). The latter study also highlighted the wide intra-and inter-patient Kisker et al., 2003. 43 indicate the need to infuse a higher dose to achieve the desired plasma levels necessary for achieving haemostasis. Similarly, the dosing frequency and the dosage would be influenced by the half-life and the recovery of the factor in an individual patient; a shorter half-life would necessitate more frequent dosing and, perhaps, a higher dose than would a product with a longer half-life in that individual patient. Clearly, treatment of each patient must be individualised and be based on repeated monitoring of the factor levels achieved during treatments.
Clinical Efficacy and Safety of Monoclonal Antibody-purified Plasma-derived Factor IX
The clinical efficacy and safety of the MAb pd-FIX concentrate have been extensively evaluated in both on-demand treatment and surgical prophylactic settings for previously untreated patients (PUPs) and PTPs (see Table 5 ).
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On-demand Treatment in Previously Untreated Patients
Two trials, enrolling patients with mild, moderate or severe haemophilia B, evaluated the efficacy and safety of MAb pd-FIX. 45 In the first trial, on-demand MAb pd-FIX was administered to 24
PUPs whereas, in the second trial eight patients were enrolled who Moreover, even at relatively high dosages, MAb pd-FIX did not lead to thromboembolic events.
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Results in Previously Treated Children with Haemophilia B
The safety and efficacy of MAb pd-FIX were evaluated in previously treated children using data from patients recruited to a larger controlled trial. 44, 48 Data from the 18 patients aged three months to 20 years who received MAb pd-FIX for either surgical prophylaxis or for spontaneous or trauma-induced bleeding were analysed separately. 48 Pharmacokinetic data were available for ten of the 
Continuous Infusion of Monoclonal Antibody-purified Plasma-derived Factor IX
Management of bleeding in haemophilia B patients involves maintaining plasma FIX at specified levels, which will achieve haemostasis. 52 Plasma levels of FIX achieved may be affected by dosing method and schedule. The conventional method involves the administration of a loading dose of pd-FIX followed by intermittent bolus maintenance doses. However, this method is associated with the presence of plasma level trough and peak levels. These fluctuations mean that the concentrate needs to be re-administered frequently enough to maintain plasma levels high enough to achieve and maintain haemostasis. 52 In addition, a high peak plasma concentration of the factor concentrate may occur when using less frequent infusions, because the dose must also be sufficient to avoid trough plasma concentrations falling CIV infusion is able to sustain a constant level of circulating factor, thereby reducing the quantity of the coagulation factor required and, consequently, reducing treatment costs. [55] [56] [57] [58] An example based on a 70 kg patient was calculated by Bjorkman (see Table 6 ).
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Highly purified MAb pd-FIX concentrate has been approved for CIV CIV FIX on all days. In terms of safety, 13 AEs possibly related to the study medication were reported in nine patients, although these events were not deemed serious by the investigator and were largely due to local irritation at the infusion site. Only the highly purified FIX concentrates appear to meet the optimal criteria for continuous infusion -defined as one-week stability with no signs of degradation. 61 Based on these findings, MAb pd-FIX (Mononine ® ) was approved for continuous administration in addition to an intravenous bolus injection in patients with haemophilia B.
Summary and Conclusions
While previous treatment options for haemophilia B have been associated with safety concerns (such as thromboembolic complications), improvements in purification and viral inactivation techniques have led to the development of high-purity FIX products, such as MAb pd-FIX and rFIX concentrates. In terms of pharmacokinetic profile, MAb pd-FIX has a higher recovery than rFIX, resulting in a lower dose being required to achieve a prophylactic plasma level of FIX. Bjorkman, 2011. 59 
